Introduction
The analysis of regional house price dynamics within the UK has been the subject of much attention in the housing and economics literatures for many years. At the heart of this research is the examination of the ripple e ect hypothesis under which changes in house prices are observed rstly in London before being observed in other regions (see Holmans, 1990 sub-market at the heart of the ripple e ect that provides the motivation for the present study. 1 To extend the existing literature, the present analysis provides a detailed examination of the role of transactions, or volume, within the London market. The role of volume has been the subject of much attention within the analysis of nancial markets and its link with market e ciency has been explored (see, inter alia, Antoniou et al. 1997) . In contrast to the analysis of, for example, stock markets, the analysis of volume in relation to housing permits the analysis of its e ects within a relatively thin (or lower volume) market. 2 While the relationship between volume and house price growth has been considered for other housing markets (see Clayton In particular, research on house price volatility and insights from the nance literature on the volume-returns relationship are synthesised and developed to provide an extended exploration of volume e ects in relation to housing. Importantly, the resulting econometric analysis allows the generation of novel empirical ndings which permit the extent of empirical evidence consistent with alternative theories concerning the impact of volume e ects within the housing market to be gauged.
In addition to more general (often con icting) theories such as those associated with downpayments and liquidity constraints (Stein 1995; Genesove and Mayer 1997) , loss aversion (Genesove and Mayer 2001 ) and the role of search or buyer-vendor matching (Wheaton 1990 ; Berkovec and Goodman 1 The importance of the London market can be illustrated by the value of its housing stock. In 2015, the combined value of the housing stock in Northern Ireland, Scotland and Wales amounted to under 38% of the value of the London housing stock (see http://www.savills.co.uk/blog/article/198459/residential-property/uk-housing-valuetops-6-trillion.aspx). 2 We are grateful to an anonymous referee for the observation that housing is a relatively thin market. However, as later analysis shows, volume retains perhaps surprisingly strong levels even during the nancial crisis within the sample considered herein.
1996), the analysis allows consideration of the displaced demand theory proposed by Hamnett (2009) for the London market. Interestingly, in addition to allowing the examination of rival theories, the extended nature of the empirical approach adopted involving modi ed correlation, causality and conditional volatility analyses provides information on di erences in the behaviour of house prices across boroughs, the presence of bubbles in some boroughs and the extent to which volume e ects in the housing market possess the volatility-reducing properties observed for other nancial assets. On this nal issue, the results obtained permit examination of the more general issue of the extent to which the behaviour of house prices di ers from that of assets typically considered in nancial theory.
To achieve its objectives, this paper proceeds as follows. In section [2] previous research within the economics, nance and housing literatures relevant to the current analysis are reviewed.
Drawing upon and extending themes in these literatures, section [3] presents the methods employed in the present study along with a discussion of the data examined. Section [4] contains the empirical results derived from the analysis of the housing market data. Concluding remarks are provided in section [5] .
Previous research
Analysis of the relationship between housing market transactions (volume) and (the changes in) house prices, has been the subject of recent research within the economics/housing literature with the ndings arising from this research proving to be mixed. This is illustrated by studies such as de While these recent studies provide important evidence concerning the presence and nature of the relationship between changes in prices and volume in housing markets, the empirical nance literature has a longer history of research into the relationship between returns (price changes) and volume. Following the seminal studies of Osborne (1959) and Granger and Morgenstern (1963) , the volume-returns relationship for nancial assets has been the subject of repeated analysis. Indeed, the literature includes a variety of measures of returns in addition to price changes ( rst di erences), including squared prices (Harris, 1983; Clark, 1973) , the variance of prices (Epps and Epps, 1976) , contemporaneous absolute price changes (Crouch, 1970) and lagged relationships (Rogalski, 1978; Cornell, 1981) . This wealth of research into the volume-returns relationship led to the extensive survey of Karpo (1987) 3 Data and methodology
Data
The data examined in the present study are average monthly house prices and total house sale volumes for the 32 boroughs of London over the period January 1995 to December 2015, along with the aggregate London price and volume series. 5 As the house price series are provided in nominal 4 It should be noted that these ndings may be in part due to di erences in data frequency, with Miles (2008 Miles ( , 2011 employing quarterly data for the US and UK, while Lin and Fuerst (2014) considered monthly data their analysis of the Canadian market. As discussed below, the current study considers higher frequency monthly data which are more suited to the analysis of both volatility and causality. terms, the consumer price index is employed as a de ator to create a real price series. 6 In contrast to the seasonally adjusted house price data, the volume series is provided in a seasonally unadjusted form. To avoid spurious inferences, the volume series is seasonally adjusted via application of the Census X-13 method. 7 Denoting natural logarithms of the house price series and volume as p t and V t respectively,`standard' house price returns are calculated as the di erence r t = p t . 8 To provide information on the nature of the series considered, the volume and real house price series for the 32 boroughs are presented in Figures 1a, 1b, 2a and 2b . In light of the number of series considered, Table 1 provides summary statistics on the price and volume series to ease understanding of their properties. Interestingly, it can be seen that the nancial crisis caused a more pronounced change is rejected for all series with a p-value of 0.00% obtained. Consequently, the returns and volumes series are treated as stationary for the subsequent analysis. 9 
Methodology
The methods recounted in the above review of previous research shape the nature of the subsequent examination of the London returns and volume data. From inspection of the literature, it is clear that correlation, causality and GARCH-based analyses feature prominently as methods of analysis.
However, in addition to consideration of a standard application of these methods, the references to asymmetric adjustment in previous research are recognised to extend the use of these approaches.
Consequently, the analysis of correlation involves consideration of volume in relation to returns, absolute returns, positive returns and negative returns. These series are denoted as r t ; jr t j ; r + t and r t respectively where:
Newham, Redbridge, Richmond upon Thames, Southwark, Sutton, Tower Hamlets, Waltham Forest and Wandsworth. The price data are not mix-adjusted, which follows previous research (see Abbott and De Vita 2012; Hamnett 2009 ). 6 The CPI series was obtained from the O ce of National Statistics (https://www.ons.gov.uk/) 7 Further details of the seasonal adjustment process are available upon request. 8 To avoid the introduction of additional, complicating notation, rt is used to refer to all returns series considered herein irrespective of the borough/aggregate distinction. The exact returns series under examination at di erent stages of the analysis will be made clear in the text and the tabulated results.
9 Further details on the unit root testing are available upon request.
In a similar fashion to the correlation analysis, examination of potential causality between returns and volume is extended to consider r t ; jr t j ; r + t and r t : In addition, volume (V t ) is partitioned into positive and negative components V + t ; V t where`positive' and`negative' are again de ned relative to rising and falling markets as below:
That is, the partitioning of volume is based upon whether returns are positive or negative. and extending causality equations can potentially generate spurious results. In recognition of these contrasting e ects, the testing equations used initially are as below:
with nulls of no causality H 0 : r t 9 V t and H 0 : V t 9 r t examined via H 0 : i = 0 8i and H 0 : i = 0 8i respectively. To overcome potential problems resulting from autocorrelation and heteroskedasticity, the Newey-West (1987) corrected variance-covariance matrix estimator is employed.
Further potential causal relationships are considered. First, replacing r t in (5)-(6) above with jr t j allows consideration of the potential absolute returns and volume causality. Second, asymmetric causal relationships are considered by modifying the above testing equations of (5)- (6) as below:
where the respective nulls of no causality considered are H 0 : r + t 9 V t , H 0 : r t 9 V t , H 0 : V + t 9 r t and H 0 : V t 9 r t , with these examined via H 0 :
and H 0 : i = 0 8i respectively. These equations allow consideration of potential asymmetries or asymmetric causality whereby positive and negative terms have di ering e ects which would be masked by consideration of the total measures.
To explore both the potential volatility-reducing e ects of volume and asymmetric volatility, EGARCH-based analysis is undertaken. In addition to permitting the examination of these alternative e ects, the EGARCH model is selected as it has further attractive features. More precisely, while removing the restriction of having to satisfy non-negativity constraints associated with GARCH models, this speci cation also simpli es the analysis of volatility persistence via the need to consider a single coe cient. Given the decision to use the EGARCH speci cation, the models estimated for the returns series are therefore given as follows: 10
10 The models for the returns series are estimated using the Berndt et al. (Engle, 1982) and the Q 2 -test using squared standardised residuals (McLeod and Li, 1983) . Application of these tests allows both examination of the robustness of the estimated models and, importantly in the present context, the extent to which the inclusion or exclusion of volume impacts upon the removal of volatility.
Further to allowing examination of potential volatility-reducing e ects of volume, the EGARCH and EGARCH-V models allow analysis of the presence of asymmetric volatility whereby price shocks have di erential e ects according to their sign. This is examined via the signi cance of the asymmetry parameter 2 . Typically, it is anticipated that 2 < 0 with shocks having a greater e ect when they are negative rather than positive. However, when considering housing, a positive sign might arise as a result of the presence of a bubble re ecting increased prices generating increased uncertainty. This possibility is explored for the London housing market in the following section.
Empirical results

Correlation
The results for volume-returns correlations using alternative measures of returns are provided in Table 2 . For ease of exposition, the results for the 32 boroughs are summarised using mean and median values of the correlation coe cient across the boroughs along with the number of these which are statistically signi cant at the 5% level. The results obtained show an overwhelming degree of correlation between returns and volume with all boroughs and the aggregate measure providing signi cant results. Interestingly, the analogous results for absolute returns are in stark contrast to this with no signi cant correlations detected. This nding contrasts also with a number of ndings in the nance literature in which signi cant correlations between absolute returns and volume have been detected. 11 Finally, the partitioned series indicate the presence of an underlying asymmetry with correlation being markedly more signi cance for the negative returns series r t relative to the negative returns. This supports ndings such as those of Clayton et al. (2010) in which a stronger link between returns and volume has been detected in falling markets.
[ 
Causality
The results from application of causality tests are presented in Table 3 . 12 The most prominent feature of the results for the total measures (r t ; V t ) is that of overwhelming unidirectional causality from volume to returns. Comparing these results with those in the nance literature for other assets, the present results are very convincing. For example, while Smirlock and Starks (1988) report gures in the range 13%-16% for the instances of signi cant causality, the analogous gures herein exceed this dramatically with 94% (30 of 32) of boroughs exhibiting a signi cant causal relationship from volume to returns, while the aggregated measure also exhibits signi cant causality from volume to returns with a p-value of 0.00% reported. The two boroughs which fail to reject the no causality null hypothesis from volume to returns are the East London boroughs of Barking and Dagenham and Redbridge. The di ering properties of these borough represent an interesting nding which is discussed later in connection with further results obtained for asymmetric causality.
This widespread rejection of non-causality from volume to returns is consistent with search-based theories (Wheaton 1990 ; Berkovec and Goodman 1996) whereby transactions drive price changes.
While a number of signi cant results are present in the other direction from returns to volume, these ndings are limited. Similarly, the results for absolute returns, evidence of causality is far weaker. This is also in contrast to results in the nance literature where absolute returns are found to be causally related to volume and provides a further example of the di ering behaviour of house price relative to other nancial assets.
The results for the partitioned`positive' and`negative' volume series suggest little evidence of asymmetry in that extensive causality from volume to returns is detected irrespective of whether V + t or V t is considered. 13 However the interesting nding here concerns the location of the limited number of boroughs where causality is not detected. Considering V + t , the four boroughs failing to reject the null are Barking and Dagenham, Newham, Redbridge and Tower Hamlets. These four boroughs are joined by Hackney to produce ve regions not rejecting the null for V t . These (contiguous) boroughs are all located in East London. That returns in these boroughs display a lower degree of sensitivity to volume than other regions can be related to the displaced demand theory introduced by Hamnett (2009) [ 
Volatility modelling
Before applying the EGARCH models to the returns series, an initial prior assessment of the degree of volatility present in the London housing market was performed via the examination of residuals from tted autoregressive models. In all instances, fourth order ARCH and Q 2 -tests applied to residuals from estimated AR(12) models detected signi cant volatility at the 5% level.
Turning to the results presented in Table 4 and fth in terms of house prices across the sample period employed. While it might be argued that the two highest priced boroughs (Kensington and Chelsea; City of Westminster) should be expected to generate similar results, these boroughs are e ectively outliers given the exceptionally high house prices in these areas and the impact of additional factors such as international demand.
Conclusion
The above analysis has sought to draw upon and develop themes within the economics, housing and nance literatures to provide a broad examination of the returns-volume relationship for the London housing market. The extended nature of the econometric approach adopted proved to generate a number of interesting and novel results. Using a more standard approach, evidence of unidirectional causality from volume causing returns was detected thus supporting the searchbased or buyer-vendor matching theories proposed by Wheaton (1990) and Berkovec and Goodman (1996) . However, an extension of the approach to consider potential asymmetry generated evidence consistent with the downpayment, liquidity constraint and loss aversion theories associated with Stein (1995) and Mayer (1997, 2001 ) within falling, but not rising, markets. The incorporation of potential asymmetric adjustment in the econometric methods adopted therefore resulted in the observation of support for theories which would have remained undetected under a standard approach. In addition, the partitioning of volume across rising and falling markets led to the detection of di ering behaviour for East London boroughs. The marked di erence of these boroughs compared to other areas was related to the displaced demand theory of Hamnett (2009) which was prompted by the di ering nature of house price growth in East London.
Further analysis using volatility models produced additional interesting ndings with the rst results in the literature for the volatility-reducing e ects of volume noted within housing markets.
In addition, the analysis of asymmetric volatility using EGARCH models provided evidence of bubbles within higher priced boroughs. Consequently, the analysis showed the existence of a variation in housing market behaviour across boroughs which is dependent upon both geographical factors and price levels. Beyond these more speci c results, the analysis showed di erences in the properties of housing relative other nancial assets. This was apparent in both terms of the increased degree of causality detected relative to standard nancial assets (see Smirlock and Starks, 1988 ) and lack of importance of absolute returns (see Karpo , 1987 ).
The present paper has provided a rst examination of volume e ects within the London housing market and via the detailed nature of the analysis undertaken has produced some novel results. As a consequence, alternative theories have been evaluated, initial ndings concerning the volume and volatility have been derived and the di ering behaviour across boroughs has been observed. One interesting future line of research involves the extension of the current analysis to consider other regions of the UK to gauge the extend to which the ndings for this unique market are apparent elsewhere. :05 denote the number of boroughs rejecting the null for the ARCH and Q 2 tests at the 5% level for the estimated EGARCH(-V) models. arch and Q 2 denote analogous percentage p-values for the ARCH and Q 2 tests for the aggregate London series. 
